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(54) Catheter having sections with different rigidity 



(57) A dilatation catheter has a tubular proximal 
shaft (15) having relatively high rigidity, a tubular distal 
shaft (13) having rigidity lower than that of the proximal 
shaft (1 5), a tubular intermediate section (1 4) interposed 
between the proximal shaft ( 1 5) and the distal shaft (1 3), 
a hub (16) mounted on the proximal end portion of the 



proximal shaft (1 5), a balloon (12) arranged on the distal 
end portion of the distal shaft (13) so as to be in fluid 
communication with the distal shaft (13), and an inner 
shaft (11) into which a guide wire can be inserted. The 
distal end portion of the proximal shaft (1 5) can be in- 
serted into the intermediate section (14) to form an in- 
sertion portion (152) having a spiral slit. 
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Description 

[0001] The present invention relates to a catheter for 
performing a diagnosis or a treatment of, for example, 
a blood vessel for carrying out various treatments and 
to a dilatation catheter for dilating the stenosis within the 
blood vessel so as to improve the blood flow on the side 
of the periphery of the stenosis for curing the stenosis. 
[0002] The advent of a microcatheter has made it pos- 
sible to perform therapy and diagnosis within a fine 
blood vessel or vasalium, though the conventional cath- 
eter is said to be incapable of performing such a therapy 
and diagnosis. The microcatheter includes, for example, 
a percutaneous transluminal coronary angioplasty cath- 
eter, hereinafter referred to as a dilatation catheter, used 
for curing the myocardial infarction or angina pectris. 
During the angioplasty, it is necessary to exchange the 
catheter in some cases. For example, it is necessary to 
exchange the catheter for change of the balloon size, 
for diagnosis of a region near the stenosis, and for re- 
place of a therapy tool. The method of exchanging the 
catheter includes a method of using a long exchange 
guide wire. However, the long exchange guide wire is 
awkward because it takes time for handling the long wire 
and at least two operators are required. To overcome 
this difficulty, used is a "rapid exchange" type catheter. 
The catheter of this type is constructed such that the 
distal end portion alone of the catheter tracks the guide 
wire. 

[0003] Specifically, a rapid exchange type catheter 
disclosed in EP 925801 A will be described. The catheter 
is constructed such that a coil assembly comprising a 
coil and a transition tube covering the coil is provided 
between a metal tube or a proximal shaft made of a ma- 
terial having a high strength substantially equal to that 
of the metal tube and a distal shaft made of a resin hav- 
ing a high flexibility so as to moderate a sudden change 
in rigidity between the proximal shaft of a high strength 
and the distal shaft of a high flexibility. 
[0004] In the catheter, however, a clearance is inevi- 
tably formed between the proximal shaft and the coil ar- 
ranged on the distal end side, with the result that the 
mechanical strength is lowered in the clearance portion, 
i.e., the portion where the transition tube alone is 
present. As a result, a problem is generated that the 
catheter tends to be broken in this portion and the cath- 
eter is deteriorated in terms of the pressure resistance. 
On the other hand, as a method that does not bring 
about such a clearance portion, it is conceivable to ar- 
range the proximal shaft in a manner to extend into the 
coil so as to engage the both members, thereby improv- 
ing the mechanical strength. In this case, however, it is 
inevitable for the engaged portion between the both 
members to be enlarged, which is undesirable. 
[0005] An object of the present invention is provide a 
rapid exchange type catheter, which permits moderating 
a sudden change in rigidity between the proximal shaft 
having a high rigidity and the distal shaft having a flex- 



ibility, which is unlikely to be broken over the entire 
length, and which is excellent in pressure resistance. 
[0006] According to a first aspect of the present inven- 
tion, there is provided a dilatation catheter, comprising 

5 a tubular proximal shaft having relatively high rigidity; a 
tubular distal shaft having rigidity lower than that of the 
proximal shaft; a tubular intermediate section inter- 
posed between the proximal shaft and the distal shaft 
for connecting liquid tightly these shafts; a hub mounted 

10 on a proximal end portion of the proximal shaft, to which 
a pressure applying apparatus can be attached; a bal- 
loon arranged to a distal end portion of the distal shaft 
so as to be in fluid communication with the distal shaft, 
to which pressure can be applied from the hub; and a 

is guide wire lumen having a distal aperture positioned on 
a distal end side to the distal end of the balloon and a 
proximal aperture positioned on a proximal end side to 
the proximal end of the balloon and on a distal end side 
to the proximal shaft, wherein a distal end portion of the 
20 proximal shaft is inserted into the intermediate section 
to form an insertion portion, the insertion portion having 
a spiral slit. 

[0007] According to a second aspect of the present 
invention, there is provided a catheter, comprising a tu- 

25 bular proximal shaft having relatively high rigidity; a tu- 
bular distal shaft having rigidity lower than that of the 
proximal shaft; a tubular intermediate section inter- 
posed between the proximal shaft and the distal shaft 
for connecting liquid tightly these shafts; a hub mounted 

30 on a proximal end portion of the proximal shaft; a treat- 
ment device (device for therapy or diagnose, such as 
an ultrasonic diagnostic device, a laser, an atherectomy 
cutter, a medicine supply device, a radio frequency gen- 
erator or an ultrasonic therapy device) arranged to a dis- 

35 tal end portion of the distal shaft; and a guide wire lumen 
having a distal aperture positioned on a distal end side 
to the treatment device and a proximal aperture posi- 
tioned on a proximal end side to the treatment device 
and on a distal end side to the proximal shaft, wherein 

40 a distal end portion of the proximal shaft is inserted into 
the intermediate section to form an insertion portion, the 
insertion portion having a spiral slit. 
[0008] In the present invention, a spiral slit is formed 
on the proximal shaft, and the distal end portion of the 

45 proximal shaft is inserted into the intermediate section 
to form an insertion portion. As a result, it is possible to 
change gradually the rigidity of the catheter along the 
longitudinal direction of the catheter over the proximal 
shaft, the intermediate section, and the distal shaft. 

50 [0009] According to the present invention, it is possi- 
ble to arrange a reinforcing member on the distal end 
side relatively to the distal end of the proximal shaft in 
a manner to extend to reach at least the proximal aper- 
ture of the guide wire lumen. 

55 [0010] In the present invention, in order to permit the 
rigidity of the shaft to be changed gradually, it is desira- 
ble to form the proximal aperture of the guide wire lumen 
in the intermediate section and to make the insertion 
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portion of the proximal shaft extend to a region in the 
vicinity of the proximal aperture of the guide wire lumen. 
[001 1] To be more specific, it is desirable for the dis- 
tance between the proximal aperture of the guide wire 
lumen and the distal end of the proximal shaft to be at 5 
most 5 mm. Further, in view of the case where the prox- 
imal aperture extends over a predetermined length 
along the longitudinal direction of the catheter, it is de- 
sirable for the distance between the distal end of the 
proximal aperture and the distal end of the proximal w 
shaft to be at most 5 mm. 

[0012] If the distance between the distal end of the 
proximal shaft and the proximal aperture of the guide 
wire lumen, preferably the distance between the distal 
end of the proximal shaft and the distal end of the prox- 15 
imal aperture of the guide wire lumen having a prede- 
termined length, is set to fall within a range of between 
0 and 5 mm, the catheter can exhibit a sufficient me- 
chanical strength and a sufficient pressure resistance in 
the portion corresponding to the proximal aperture or the 20 
portion between the proximal aperture and the distal end 
of the proximal shaft even if a reinforcing member is not 
arranged in any of these portions. It follows that it is pos- 
sible to prevent effectively the kink generation during the 
operation of the catheter. 25 
[001 3] In the present invention, it is desirable for the 
distal end of the spiral slit to be positioned on a portion 
within 10 mm from the distal end of the proximal shaft 
toward the proximal end. 

[0014] In the present invention, it is desirable for the 30 
proximal shaft having relatively high rigidity to be formed 
of a metal tube. For applying a spiral slit processing to 
the distal end portion of the proximal shaft it is possible 
to employ a general technique including, for example, a 
laser (e.g., YAG laser) processing, a discharge process- 35 
ing ; a chemical etching or acutting process. It is possible 
to make the pitch of the spiral slit shorter on the distal 
end side and longer on the proximal end side so as to 
permit the rigidity of the resultant insertion portion of the 
proximal shaft to be changed moderately from the prox- 40 
imal end side to the distal end side. 
[001 5] In the catheter of the present invention, it suf- 
fices to apply a spiral slit processing to the distal end 
portion of the proximal shaft. Therefore, it is possible to 
assemble the catheter without complicated steps. In ad- 45 
dition, the insertion portion of the proximal shaft effec- 
tively prevents the kink generation. Also, the pitch of the 
spiral slit is made shorter on the distal end side and long- 
er on the proximal end side so as to permit the rigidity 
of the insertion portion of the proximal shaft to be 50 
changed moderately from the proximal end side to the 
distal end side. It follows that the kink generation can be 
prevented more effectively. 

[0016] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 55 
vention may also be a sub-combination of these de- 
scribed features. 

[0017] The invention can be more fully under stood 



from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a view of a dilatation catheter according to 
an embodiment of the present invention; 
FIG. 2 is a magnified view of the major members of 
the dilatation catheter shown in FIG. 1; 
FIG. 3 is a view of showing the proximal shaft of the 
dilatation catheter shown in FIG. 1; 
FIG. 4 is a cross sectional view showing the inter- 
mediate section, the distal end portion of the prox- 
imal shaft and the proximal end portion of the distal 
shaft; and 

FIG. 5 is a magnified view of the major members of 
a dilatation catheter according to another embodi- 
ment of the present invention. 

[0018] A dilatation catheter according to the present 
invention will now be described with reference to the ac- 
companying drawings. 

[0019] FIG. 1 shows the appearance of a dilatation 
catheter 1 according to an embodiment of the present 
invention. FIG. 2 shows in a magnified fashion the major 
members of the dilatation catheter shown in FIG. 1 , in 
which the proximal shaft being partly omitted. FIG. 3 
shows the appearance of the proximal shaft. Further, 
FIG. 4 is a cross sectional view showing the intermedi- 
ate section, the distal end portion of the proximal shaft 
and the proximal end portion of the distal shaft. 
[0020] As shown in FIGS. 1 and 2, the dilatation cath- 
eter 1 is a so-called rapid exchange type catheter, which 
is inserted into a blood vessel along a guide wire 2. The 
dilatation catheter 1 comprises a hub 16, a proximal 
shaft 15, an intermediate section 14, a distal shaft 13, a 
balloon 12, and an inner tube shaft 11 arranged in this 
order as viewed from the proximal end. 
[0021 ] A lure taper is formed on the hub 1 6 of the prox- 
imal end side such that a pressure applying apparatus 
such as an inflator can be attached to the hub 16. The 
proximal shaft 1 5 made of a metal or a type of resin hav- 
ing relatively high rigidity is connected to the hub 16 so 
as to be in fluid communication with the hub 16. The 
proximal shaft 15 is provided with a depth marker 151 , 
with which it can be easily detected how deep the bal- 
loon catheter 1 is inserted along a guiding catheter (not 
shown) during angioplasty. As described hereinafter in 
detail, the distal end portion of the proximal shaft 1 5 con- 
stitutes an insertion portion 152. 

[0022] The intermediate section 14 is connected to 
the proximal shaft 15 on the distal end side so as to be 
in fluid communication with the proximal shaft 15. Also, 
the distal shaft 13 made of a material having relatively 
low rigidity such as resin is connected to the intermedi- 
ate section 14 on the distal end side so as to be in fluid 
communication with the intermediate section 14. Fur- 
ther, the proximal end portion of the balloon 12 is con- 
nected to the distal shaft 13 on the distal end side so as 
to be in fluid communication with the distal shaft 13. 
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[0023] An innershaft 1 1 coaxially extends through the 
inside of the distal shaft 1 3 and the balloon 1 2. The distal 
end portion of the inner shaft 11 forms a distal end tip 
111 that extends from the distal end of the balloon 12. 
The distal end tip 111 is connected liquid tightly to the 
balloon 12 on the distal end side. 
On the other hand, the proximal end portion of the inner 
shaft 11 extends to reach a guide wire aperture 141 
formed in a portion from the intermediate section 14 to 
the distal shaft 1 3 and is bonded liquid tightly. The inner 
lumen of the inner shaft 1 1 extending from the distal end 
to reach the guide wire aperture 141 forms a guide wire 
lumen. The guide wire 2 shown in FIG. 1 is inserted 
through the inner shaft 11 from the distal end aperture 
of the distal end tip 111 serving as an inlet to the guide 
wire aperture 141 serving as an outlet. Radiopaque 
markers 121 are provided around the innershaft 11 po- 
sitioned inside the balloon 12. 

[0024] When the balloon 1 2 is not inflated, the balloon 
1 2 is folded around the outer circumference of the inner 
shaft 1 1 . When the balloon 1 2 is inflated, the balloon 1 2 
is formed such that the center portion becomes substan- 
tially cylindrical so as to dilate stenosis of a blood vessel 
easily. Incidentally, the central portion of the balloon 12 
need not be made completely cylindrical. It is possible 
for the central portion of the balloon 12 to be made po- 
lygonal column. The radiopaque markers 121 are pro- 
vided to facilitate the positioning of the balloon 1 2 at the 
stenosis under fluoroscopy during angioplasty. 
[0025] In the dilatation catheter 1 having the afore- 
mentioned structure, when pressure is applied with a 
pressure applying apparatus (not shown) attached to 
the hub 16, a pressure medium is transmitted from the 
hub 16 through the proximal shaft 15, insertion portion 
of the proximal shaft 152, the intermediate section 14 
and the clearance between the distal shaft 13 and the 
innershaft 11 so as to reach the balloon 12, and thus 
the balloon 1 2 can be inflated. Needless to say, the prox- 
imal shaft 15, the intermediate section 14, the distal 
shaft 1 3, the inner shaft 1 1 and each of the bonded por- 
tions have resistance to pressure higher than the pres- 
sure at which the balloon 12 is ruptured. 
[0026] FIG. 3 shows in detail the structure of the prox- 
imal shaft 15. As shown in the drawing, the proximal 
shaft 15 comprises a main shaft portion 153 and an in- 
sertion portion 152 prepared by applying a spiral slit 
processing to the distal end portion of the main shaft 
portion 153. In the drawing, the pitch of the spiral slit is 
shorter on the distal end side and is longer on the prox- 
imal end side. In other words, the pitch is gradually 
shortened toward the distal end. The insertion portion 
1 52 is formed by applying a laser processing to the distal 
end portion of the main shaft portion 153. Incidentally, 
in the present invention, it is possible to decrease the 
pitch at a predetermined rate from the proximal end por- 
tion toward the distal end portion in addition to the con- 
struction shown in the drawing. 

[0027] FIG. 4 shows the structure of the intermediate 
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section 14, the distal end portion of the proximal shaft 
15 and the proximal end portion of the distal shaft 13. 
As shown in the drawing, the insertion portion 152 on 
the distal end portion of the proximal shaft 1 5 is inserted 
5 into the intermediate section 14. Also, the proximal end 
portion of the innershaft 11 is bonded to a part in the 
outer circumference of the intermediate section 14, and 
the proximal aperture of the inner shaft 1 1 is exposed to 
the outside of the intermediate section 1 4 so as to form 
to the guide wire aperture 141. Incidentally it is possible 
to form the guide wire aperture 141 in the distal shaft 13 
or in the boundary region (bonded region) between the 
intermediate section 14 and the distal shaft 13. 
[0028] Since the insertion portion 152 is arranged in- 
'5 side the intermediate section 14, it is possible to make 
the intermediate section 1 4 lower in rigidity (softer) than 
the main shaft portion 153 and higher in rigidity (harder) 
than the distal shaft 1 3. In this manner, the rigidity of the 
shaft constituting the dilatation catheter 1 can be grad- 
20 ually changed from the proximal end portion toward the 
distal end portion. As a result, the stress is not concen- 
trated on a single point when the intermediate section 
14 is sharply bent, making it possible to suppress the 
kink generation. 
25 [0029] As described above, in the present invention, 
a spiral slit process is applied to the distal end portion 
of the proximal shaft 15 (main shaft portion 153) of the 
dilatation catheter 1 using a technology that is generally 
employed such as a laser processing so as to form the 
30 insertion portion 152 serving to prevent the kink gener- 
ation. Since such a simple process can form the inser- 
tion portion 152 integral with the main shaft portion 153, 
it is possible to simplify the assembling process of the 
catheter, compared with the prior art. Also, since the in- 
35 sertion portion 152 is arranged inside the intermediate 
section 14, the stress is prevented from being concen- 
trated on a single point when the intermediate section 
1 4 is sharply bent, making it possible to suppress effec- 
tively the kink generation. Further, since the pitch of the 
40 spiral slit is made smaller on the distal end side and larg- 
er on the proximal end side, the rigidity of the entire shaft 
is changed moderately, making it possible to suppress 
more effectively the kink generation. 
[0030] In the present invention, it is desirable for a dis- 
45 tance L between the guide wire aperture 141 and the 
distal end of the proximal shaft 1 5 to be 5 mm or less. 
Where the guide wire aperture 141 extends over a pre- 
determined length along the longitudinal direction of the 
catheter 1 as shown in FIG. 4, the distance L noted 
50 above represents the distance between the distal end 
of the proximal shaft 15 and the distal end of the guide 
wire aperture 141. If the distance L is short as in the 
present invention, it is possible to maintain a sufficiently 
high mechanical strength and pressure resistance of the 
55 catheter 1 in the portion corresponding to the guide wire 
aperture 141 or the portion between the guide wire ap- 
erture 141 and the distal end of the proximal shaft 15 
even if another reinforcing member is not arranged in 
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any of these portions. As a result, it is possible to prevent 
effectively the kink generation during the operation of 
the catheter 1 . The present inventors have found that, 
where the distance L noted above is set at 1 0 mm, kink 
is generated during the operation of the catheter 1 with 5 
a very high probability in the portion between the guide 
wire aperture 141 and the distal end of the proximal shaft 
15. 

[0031] Incidentally, it is possible to allow the guide 
wire aperture 141 not to extend substantially along the 10 
longitudinal direction by arranging, for example, the 
proximal aperture of the inner shaft 11 along the direc- 
tion perpendicular to the longitudinal axis of the catheter 
1. However, where the guide wire aperture 141 is al- 
lowed to extend by a predetermined length along the '5 
longitudinal direction of the catheter 1 as shown in the 
drawing, it is possible to decrease the cross sectional 
area in a direction perpendicular to the longitudinal axis 
of the catheter 1 at the guide wire aperture 141 . As a 
result, it is possible to ensure a sufficiently large space 20 
for permitting the guide wire to be smoothly inserted into 
and withdrawn through the guide wire aperture 141. 
[0032] The materials, sizes, etc., of each of the con- 
stituents of the dilatation catheter of the present inven- 
tion will now be described in detail. 25 
[0033] It is desirable for the proximal shaft 15 to be 
made of a material having relatively high rigidity such as 
a Ni-Ti alloy, brass, SUS, or aluminum. It is also possible 
to use a resin having relatively high rigidity such as poly- 
imide, polyvinyl chloride, or polycarbonate for forming 30 
the proximal shaft 15. 

[0034] It is desirable for the main shaft portion 1 53 of 
the proximal shaft 15 to be formed of a tube having an 
outer diameter of 0.3 to 3 mm, preferably 0.5 to 1 .5 mm, 
a wall thickness of 1 0 to 150 u,m, preferably 20 to 1 00 35 
|im, and a length of 300 to 2000 mm, preferably 700 to 
1500 mm. 

[0035] It is desirable for the insertion portion 152 of 
the proximal shaft 15 to be formed of a tube having an 
outer diameter of 0.3 to 3 mm, preferably 0.5 to 1 ,5 mm, 40 
a wall thickness of 10 to 150 u,m, preferably 20 to 100 
fim, and a length of 30 to 200 mm, preferably 50 to 1 80 
mm. 

[0036] It is possible for the distal shaft 13 and the in- 
termediate section 14 to be formed of the same tube. 45 
Alternatively, it is possible to prepare separately the tube 
for the distal shaft and the tube for the intermediate sec- 
tion, and to join these two tubes appropriately. Further, 
the intermediate section 1 4 may be covered with anoth- 
er tube in order to improve the strength or pressure re- so 
sistance in the portion between the guide wire aperture 
141 and the distal end of the proximal shaft 15. 
[0037] Where the pitch of the spiral slit in the insertion 
portion is shorter on the distal end side and longer on 
the proximal end side as shown in the drawings, the 55 
pitch should be 0.1 to 1 0 mm, preferably 0.3 to 2 mm on 
the distal end side, and should be 1 to 20 mm, preferably 
2 to 10 mm on the proximal end side. Also, the width of 
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the spiral slit should be not larger than 1 mm, preferably 
about 0.01 to 0.5 mm. It is desirable for the distal end 
of the spiral slit to be positioned on a portion within 10 
mm from the distal end of the proximal shaft 15 toward 
the proximal end. It is more desirable for the distal end 
of the slit to extend to reach the distal end of the proximal 
shaft 1 5. Where the spiral slit is formed to reach a region 
in the vicinity of the distal end of the proximal shaft 15, 
the distal end portion of the proximal shaft 14 can be 
bent satisfactorily in the case of sharply bending the in- 
termediate section 14, making it possible to prevent the 
stress from being concentrated on a single point. As a 
result, the kink generation can be suppressed effective- 
ly. 

[0038] The distal shaft 1 3 and the intermediate sec- 
tion 14 can be formed of polymer materials including, 
for example, polyolefin such as polyethylene, polypro- 
pylene, polybutene, ethylene-propylene copolymer, eth- 
ylene-vinyl acetate copolymer, ionomer, and a mixture 
of at least two of them, cross-linked polyolefin, polyvinyl 
chloride, polyamide, polyamide elastomer, polyester, 
polyester elastomer, polyurethane, polyurethane elas- 
tomer, fluoroplastic, and polyimide and a mixture there- 
of. Further, the material for the intermediate section 14 
should preferably be higher in rigidity than the material 
for the distal shaft 13. 

[0039] Each of the distal shaft 13 and the intermediate 
section 1 4 is formed of a tube having an outer diameter 
of 0.5 to 1.5 mm, preferably 0.7 to 1.1 mm, a wall thick- 
ness of 25 to 200 um, preferably 50 to 100 p.m, and a 
length of 300 to 2000 mm, preferably 300 to 1500 mm. 
[0040] The inner tube shaft 1 1 is formed of a material 
having flexibility to some extent. For example, the inner 
tube shaft 11 is formed of polymer materials including, 
for example, polyolefin such as polyethylene, polypro- 
pylene, polybutene, ethylene-propylene copolymer, eth- 
ylene-vinyl acetate copolymer, ionomer, or a mixture of 
at least two of them, cross-linked polyolefin, polyvinyl 
chloride, polyamide, polyamide elastomer, polyester, 
polyester elastomer, polyurethane, polyurethane elas- 
tomer, polyimide and fluoroplastic and a mixture thereof. 
[0041] Where the guide wire aperture 141 extends 
over a predetermined length along the longitudinal di- 
rection of the catheter 1 as shown in the drawings, the 
length of the guide wire aperture 141 in the longitudinal 
direction of the catheter 1 should be about 0.5 to 8 mm, 
preferably about 2 to 5 mm. 

[0042] The inner shaft 11 is formed of a tube having 
an outer diameter of about 0.1 to 1 .0 mm, preferably 0.3 
to 0.7 mm, a wall thickness of about 10 to 1 50 pm, pref- 
erably 20 to 100 urn, and a length of 100 to 2000 mm, 
preferably 200 to 1500 mm. 

[0043] It is desirable to use a material having a flexi- 
bility to some extent for forming the balloon 12 in order 
to enable the balloon 12 to dilate the stenosis of the 
blood vessel. Specifically, the balloon 1 2 can be formed 
of polymer materials including, for example, polyolefin 
such as polyethylene, polypropylene, polybutene, eth- 
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ylene-propylene copolymer, ethylene-vinyl acetate co- 
polymer and ionomer, cross-linked polyolefin, polyester 
such as polyethylene terephthalate, polyester elas- 
tomer, polyvinyl chloride, polyurethane, polyurethane 
elastomer, polyphenylene sulfide, polyamide, polya- 
mide elastomer, and fluoroplastic, as well silicone rub- 
ber and latex rubber. It is also possible to use a laminat- 
ed film prepared by suitably laminating films of these 
polymer materials. It is possible to bond the balloon 12 
prepared by the biaxial orientation blow forming method 
to the distal end portion of the distal shaft 13. Alterna- 
tively, it is possible to apply an orientation blow forming 
to the distal end portion of the distal shaft 13 for inte- 
grally forming the balloon 12. 

[0044] Where the balloon 1 2 is inflated, it is desirable 
for the cylindrical portion of the inflated balloon 12 to 
have an outer diameter of 1 .0 to 10 mm, preferably 1 .0 
to 5.0 mm, and a length of 5 to 50 mm, preferably 10 to 
40 mm. Also, it is desirable for the balloon 12 to have 
an entire length of 1 0 to 70 mm, preferably 1 5 to 60 mm. 
[0045J It is desirable for the radiopaque markers 1 21 
to be formed of a coil spring or a ring. It is necessary to 
arrange at least two or more radiopaque markers 121. 
It is desirable for the radiopaque markers 121 to be 
made of a material having a high capability of forming 
an X-ray image including, for example, Pt, Pt alloy, W f 
W alloy, Au, Au alloy, Ir, Ir alloy, Ag and Ag alloy. 
[0046] The catheter of the present invention de- 
scribed above is of a coaxial structure in which the guide 
wire lumen is coaxially arranged within the distal shaft. 
However, the catheter of the present invention is not lim- 
ited to the particular construction. It is possible for the 
catheter to be constructed such that a guide wire lumen 
and a balloon inflation lumen are arranged in parallel 
within a single tube (shaft). 

[0047] FIG. 5 shows a catheter according to another 
embodiment of the present invention. In this embodi- 
ment, a reinforcing wire 17 is arranged for reinforcing 
the portion between the proximal shaft having high me- 
chanical strength and the proximal aperture of the guide 
wire lumen. In this embodiment, the proximal end por- 
tion of the reinforcing wire 1 7 is fixed to the inside of the 
hub 16, and the reinforcing wire 17 extends within the 
proximal shaft and further extends from the distal end 
of the proximal shaft to reach a portion corresponding 
to the guide wire aperture. Incidentally, it is possible for 
the reinforcing wire 17 to extend further beyond the 
guide wire aperture toward the distal end. By this con- 
struction, a portion that is not supported by either the 
guide wire inserted into the guide wire lumen or the prox- 
imal shaft is reinforced by the reinforcing shaft 1 7 so as 
to increase the mechanical strength and the pressure 
resistance of the particular portion. 
[0048] In the embodiment shown in FIG. 5, the rein- 
forcing wire 1 7 extends from within the hub through the 
inner region of the proximal shaft. However, the present 
invention is not limited to the particular construction. For 
example, it is possible to fix the proximal end portion of 
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the wire to the distal end portion of the proximal shaft 
by welding or with an adhesive. 

[0049] As described above in detail, the present in- 
vention provides a catheter, in which an insertion portion 
integral with the proximal shaft is formed by applying a 
spiral slit process to the distal end portion of the proximal 
shaft by a simple process such as a laser processing so 
as to prevent the kink occurrence in the portion having 
low rigidity. 

Also, if the distance between the distal end of the prox- 
imal shaft and the distal end, which is positioned forward 
of the distal end of the proximal shaft, of the proximal 
aperture of the guide wire lumen is set at 5 mm or less, 
the catheter is enabled to exhibit a sufficiently high me- 
chanical strength and a sufficiently high pressure resist- 
ance even if a reinforcing member is not arranged in the 
portion corresponding to the proximal aperture and in 
the portion between the proximal aperture and the distal 
end of the proximal shaft, making it possible to prevent 
effectively the kink occurrence during the operation of 
the catheter. 

[0050] Particularly, the pitch of the spiral slit is made 
shorter on the distal end side and is made longer on the 
proximal end side in the present invention, making it 
possible to permit the rigidity to be changed moderately 
over the entire length of the shaft. It follows that the kink 
generation can be prevented more effectively. 



30 Claims 



1. A dilatation catheter, comprising: 

a tubular proximal shaft (15) having relatively 
high rigidity; 

a tubular distal shaft (13) having rigidity lower 

than that of the proximal shaft (15); 

a tubular intermediate section (14) interposed 

between the proximal shaft (15) and the distal 

shaft (13) for connecting liquid tightly these 

shafts; 

a hub (16) mounted on a proximal end portion 
of the proximal shaft (15), to which a pressure 
applying apparatus can be attached; 
a balloon (12) arranged on a distal end portion 
of the distal shaft (1 3) so as to be in fluid com- 
munication, to which pressure can be applied 
from the hub (16); and 

a guide wire lumen having a distal aperture po- 
sitioned on a distal end side to the distal end of 
the balloon (12) and a proximal aperture (141) 
positioned on a proximal end side to the proxi- 
mal end of the balloon (12) and on a distal end 
side to the proximal shaft (15), 

characterized in that a distal end portion of the 
proximal shaft (15) is inserted into the intermediate 
section (14) to form an insertion portion (152), the 
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insertion portion (152) having a spiral slit. 

2. The dilatation catheter according to claim 1 , char- 
acterized in that a distance between the proximal 
aperture (1 41 ) of the guide wire lumen and the distal 
end of the proximal shaft (15) is at most 5 mm. 

3. The dilatation catheter according to claim 1 , char- 
acterized in that the proximal aperture (141) of the 
guide wire lumen extends over a predetermined 
length in a longitudinal direction of the catheter, and 
the distance between the distal end of the proximal 
aperture (141) and the distal end of the proximal 
shaft (15) is at most 5 mm. 

4. The dilatation catheter according to claim 1, char- 
acterized in that the distal end of the spiral slit is 
positioned on a portion within 1 0 mm from the distal 
end of the proximal shaft (15) toward the proximal 

end. 

5. The dilatation catheter according to claim 1 , char- 
acterized by further comprising a reinforcing mem- 
ber (1 7) arranged on the distal end side to the distal 
end of the proximal shaft (1 5) in a mannerto extend 
to reach at least the proximal aperture (141) of the 
guide wire lumen. 

6. The dilatation catheter according to claim 1, char- 
acterized in that the proximal shaft (1 5) is formed of 
a metal tube. 

7. The dilatation catheter according to claim 1, char- 
acterized in that a pitch of the spiral slit is shorter 
on the distal end side and longer on the proximal 
end side. 

8. The dilatation catheter according to claim 1, char- 
acterized by further comprising an inner shaft (11) 
arranged coaxially with the distal shaft inside the 
distal shaft (13). and the inner lumen of the inner 
shaft (11) forms the guide wire lumen. 

9. A catheter, comprising: 

a tubular proximal shaft (15) having relatively 
high rigidity; 

a tubular distal shaft (13) having rigidity lower 

than that of the proximal shaft (15); 

a tubular intermediate section (14) interposed 

between the proximal shaft (15) and the distal 

shaft (13) for connecting liquid tightly these 

shafts; 

a hub (16) mounted on a proximal end portion 
of the proximal shaft; 

a treatment device arranged on a distal end 

portion of the distal shaft (13); and 

a guide wire lumen having a distal aperture po- 



re 



sitioned on a distal end side to the treatment 
device and a proximal aperture (141) posi- 
tioned on a proximal end side to the treatment 
device and on a distal end side to the proximal 
shaft (15), 

characterized in that a distal end portion of the 
proximal shaft (15) is inserted into the intermediate 
section (14) to form an insertion portion (152), the 
insertion portion (152) having a spiral slit. 



10. The catheter according to claim 9 : characterized in 
that a distance between the proximal aperture (1 41 ) 
of the guide wire lumen and the distal end of the 
is proximal shaft (15) is at most 5 mm. 



11 . The catheter according to claim 9 : characterized in 
that the proximal aperture (141) of the guide wire 
lumen extends over a predetermined length in a lon- 
gitudinal direction of the catheter, and the distance 
between the distal end of the proximal aperture 
(141) and the distal end of the proximal shaft (15) 
is at most 5 mm. 
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12. The catheter according to claim 9 : characterized in 
that the distal end of the spiral slit is positioned on 
a portion within 10 mm from the distal end of the 
proximal shaft (15) toward the proximal end. 



30 13. The catheter according to claim 9, characterized by 
further comprising a reinforcing member (17) ar- 
ranged on the distal end side to the distal end of the 
proximal shaft (15) in a manner to extend to reach 
at least the proximal aperture (141 ) of the guide wire 
lumen. 
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14. The catheter according to claim 9 : characterized in 
that the proximal shaft (15) is formed of a metal 
tube. 

15. The catheter according to claim 9 : characterized in 
that a pitch of the spiral slit is shorter on the distal 
end side and longer on the proximal end side. 

16. The catheter according to claim 9, characterized by 
further comprising an inner shaft (11) arranged co- 
axially with the distal shaft inside the distal shaft 
(13), and the inner lumen of the inner shaft (11) 
forms the guide wire lumen. 
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(54) Catheter having sections with different rigidity 



(57) A dilatation catheter has a tubular proximal 
shaft (15) having relatively high rigidity, a tubular distal 
shaft (13) having rigidity lower than that of the proximal 
shaft (15), a tubular intermediate section (14) interposed 
between the proximal shaft (1 5) and the distal shaft (1 3), 
a hub (16) mounted on the proximal end portion of the 



proximal shaft (15), a balloon (12) arranged on the distal 
end portion of the distal shaft (13) so as to be in fluid 
communication with the distal shaft (13), and an inner 
shaft (11) into which a guide wire can be inserted. The 
distal end portion of the proximal shaft (15) can be in- 
serted into the intermediate section (14) to form an in- 
sertion portion (152) having a spiral slit. 
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